Abstract: While the debate on global and national carbon emission targets has dominated every major climate change conference, setting firm-level climate change mitigation targets has become an increasingly important issue. In this paper we present illustrative evidence on cross-country and cross-industry differences of the firm-level mitigation targets among some of the largest corporations in the European Union (EU) and the United States (US) with regard to five aspects, i.e., target adoption, target metric, target scope, target stringency, and target completion. We find that overall 25% of the firms have not set up emission targets. The EU firms are significantly more likely to use intensity targets than the US firms. The EU firms are twice as likely as the US firms to incorporate indirect emissions from the supply chain into the scope of their targets. The Energy and Materials sectors in the EU set significantly more stringent targets than their US counterparts. The energy sectors of the EU and the US in general have not made satisfactory progress toward accomplishment of the targets. Based on these findings, we discuss the most pressing issues that should be addressed by policymakers and firm managers in different regions and sectors with regard to target-setting.
Introduction
Climate change has been recognized as one of the greatest challenges for human society. In order to keep the average global temperature increase to no more than 2 • C or even 1.5 • C above pre-industrial levels, an objective set forth by the 2015 United Nations Climate Change Conference in Paris (COP21) [1] , we have to limit the emissions of greenhouse gases (GHGs). A critical step to control GHG emissions is to set appropriate GHG emission mitigation targets. Target-setting has always been the most important and contentious issue at every major convention on climate change. A great amount of theoretical and empirical studies have been conducted to investigate the global, national and regional GHG mitigation target-setting problems [2] [3] [4] . However, in practice, striking a global, national or regional agreement to limit GHG emissions is normally a slow and difficult procedure [5] .
From the economics perspective, the "first-best" solution to the problem of climate change is to impose a uniform price on carbon emissions through policy instruments like carbon tax [6, 7] . In this first-best solution, voluntary actions by firms would not be needed. In reality, though, the feasibility of the first-best solution is severely undermined by many real-world complications, such as the conflicting interests of different countries and organizations. Indeed, many countries do not price carbon as of today [8, 9] . In face of the predicament of the first-best solution in coping with climate change, we need to take a polycentric approach with many voluntary actions [10] . There is a growing argument among policymakers and researchers that firms, through voluntary actions, may play a emissions. In other words, scope 3 emissions refer to indirect emissions upstream and downstream in a firm's supply chain [29] . A firm's emission target can cover emissions from any of the three scopes. The target stringency refers to the magnitude of emission mitigation as specified by the target. A deeper emission cut from the reference year generally implies, ceteris paribus, a harder task for the firm to reach the target. Literature has shown that target stringency can positively and significantly impact the emission reduction in some sectors [30] . Therefore, stringency is an important attribute to track. Stringency does not reflect the whole picture of the effectiveness of the targets. We also introduce the target completion variable, which measures the progress toward the achievement of targets.
Our study draws on a sample of 989 firms in the EU and the US. The sample is extracted and constructed from the Carbon Disclosure Project (CDP: http://www.cdp.net), a non-profit organization based in London that maintains the currently largest database of firm-level climate change performance and policies. To the best of our knowledge, the CDP provides the most comprehensive and detailed data on firms' internal carbon management activities of the major firms around the world. The firms in the sample are typically among the largest and most notable ones in each country. This distinguishes our study from research on small and medium-sized firms, which display significant difference in engagement with the climate change problem compared to the large firms [31] .
Our study provides illustrative evidence on the use of emission targets among some of the most notable and largest firms in the EU and the US. We find that around 75% of the firms in the sample have established emission targets, and the EU and the US display little difference in overall target adoption. More than 50% of the EU firms have adopted targets based on intensity measures, and the fraction is significantly higher than the US firms. Firms in the EU and the US have similar adoption rates for scope 1 and scope 2 targets. But the EU firms are twice as likely to integrate scope 3 emissions into the targets as firms in the US. This shows that the EU firms pay more attention to emissions along the supply chain. We also delve into the analysis of targets across a spectrum of industrial sectors. The Energy and Materials sectors in the EU set significantly more stringent targets than the US firms. The Energy sector is relatively slow in accomplishing the target. The difference between the two regions can be caused by regulatory, economic and operational reasons.
The remainder of this study is organized as follows. Section 2 provides a brief review of related literature. Section 3 describes the data and the methods used in the study. Section 4 presents the results. We further discuss the significance and implications of the results in Section 5. Section 6 concludes with future research directions.
Literature Review
Our research is related to the broad category of literature on the firm-level environment and climate change management strategy. While national governments and regional organizations have traditionally been active players in responding to climate change risks, a burgeoning trend is that firms start to actively participate in climate change management. Prior literature has argued that firm-level climate strategies will be a key driving force toward a low-carbon future [32, 33] . Further, empirical results point out that there is a growing willingness among business leaders to make bold investments on climate change mitigations [34] , due to mounting consumer and investor pressures, regulatory requirements and increasing perceptions of opportunities associated with climate change. Indeed, empirical evidence has shown a spectrum of climate strategies employed by firms, including the voluntary disclosure of carbon footprints, the introduction of eco-design, the use of low-carbon energy, and the improvement of energy efficiency [35] [36] [37] [38] .
Despite the abundance of studies on firm-level climate strategies, target-setting, as a critical precondition to mitigation actions, has not received sufficient attention in the past. However, recently, there has appeared an emerging and rapidly growing stream of research on firm-level emission target-setting, including the development of target-setting methodology, the characterization of target-setting behaviors, and the motivations behind target-setting. Prior literature has used the CDP survey data in 2002 to analyze the corporate climate strategies of a broad sample of large multinational firms, and found that the target-setting process displayed great variations among firms in different sectors and more than half of the respondents had targets to reduce or stabilize the direct GHG emission [32] . There are also studies on the efficacy and reliability of firm-level emission target-setting as a response to climate change among the major supermarkets in the United Kingdom (UK) [39, 40] . These studies found that the voluntary targets set by firms not only aligned with the goals of national governments, but also had a high likelihood of being achieved. Through content and data analysis of sustainability reports voluntarily published by firms and CDP responses, [25] compared the target-setting behaviors of representative UK and US retailers, and found that UK retailers were more prone than their US counterparts to setting ambitious emission reduction targets and addressing emissions along the supply chains. Researchers suggested that setting firm-level emission targets would be a critical step in attaining national and global climate goals, and proposed a methodology to derive the firm-level targets [5] . The target-setting procedure of firms has also been analyzed in detail under specific energy management and carbon accounting schemes [41] . The study argued that the target-setting process should be improved to incorporate well-defined criteria and complete conformity checks. Also, the link between target-setting and emission reduction has been examined based on CDP data of 2009-2010 [30] . Significantly positive associations were identified between target adoption and emission reduction for non-financial sectors, and between target stringency and emission reduction for dirty sectors and sectors under the EU ETS.
Data and Methods
The main data used in this study is provided by the CDP database. The CDP collects the data through an annual survey sent to major corporations worldwide at the end of each calendar year. The survey is very detailed, with more than 100 questions covering topics like management attitude toward climate change, incentive policy for carbon abatement, GHG emission level, and abatement activities implemented. For each question, CDP also provides very detailed reporting guidance on the answer, such as the type of information to be included and the format to be used.
Our sample consists of 989 firms extracted from the CDP 2013 survey. The data includes 598 firms in the EU (219 in the UK, 69 in France, and 68 in Germany among others) and 391 firms in the US. Almost all of the firms in the sample have been listed in one major stock index, such as FTSE 500, Global 500, S & P 500, and Russell 1000. The few exceptions are representative private companies, such as Cargill and Levi Strauss & Co. in the US, and British Airways in UK. To facilitate the analysis, the firms are further divided into 24 industry groups based on the Global Industry Classification Standard (GICS). The dataset is enclosed in supplementary materials.
We derive the relevant target-setting variables from the CDP survey data. Target adoption, target metric and target scope can be extracted from the survey directly. Target stringency is indicative of how difficult it is for a firm to accomplish the target. We define target stringency as the percentage reduction of emissions from the reference year in the target. We note that this definition has its limitations, since targeted percentage reduction from the reference year may not exactly reflect the efforts that a firm needs to make in order to achieve the target. For instance, other factors may also play a role in determining the difficulty of the target, including the choice of the base year, the time horizon of the target, and characteristics of the firm itself. However, as pointed out by previous literature [42] , "the actual level of effort required to meet a given target may be difficult to measure." Therefore, we use the percentage reduction as a proxy for target stringency. We note that this proxy is also used in existing literature [43] .
While target stringency is an important indicator of a firm's commitment to climate change, it remains unclear whether the firms have indeed made sufficient efforts to achieve the targets. Therefore, we need a measure to assess how well the firms have achieved the targets. To this end, we define target completion as the progress of the target scaled by the elapsed time since the establishment of the target. For instance, if the targeted mitigation has been achieved by 20% while time has elapsed by 25%, the target completion is 20%/25% = 0.8. The number shows whether the progress toward the target is on time or not. If target completion is less than 1, it means the progress is slower than elapse of time and the target will not be attained at the current pace of emission reduction. If target completion is greater than 1, it means that the firm may overachieve the target at the current reduction rate. We understand that mitigation does not happen at a homogeneous rate over time and the measure of target completion may be biased for some firms. For instance, it may take longer to initiate and build some carbon management programs so the mitigation may well happen at a later point in the target time horizon. However, it is impossible to gauge the exact target completion without detailed information of the mitigation actions and we have to approximate it with the aforementioned method.
Finally, in all computations, data entries with missing values have been ignored. It is also noteworthy that a mitigation target usually spans multiple years and consequently, features like target adoption, metric, scope and stringency, are unlikely to change frequently. The annual CDP survey yields a snapshot of the target-setting activities at a specific time point. In this study we focus on the 2013 survey data, which is the most recent data we obtained.
Similar to prior studies on firm-level target-setting [25, 41] , we examine the variables via content and data analysis. Various statistical methods are employed to analyze the difference between the EU firms and the US firms, including the nonparametric Wilcoxon rank sum test, the two-proportion z-test, and the t-test. The results are summarized in the next section.
Results
In this section we present the empirical evidence on five aspects of targets, i.e., adoption, metric, scope, stringency, and completion. For each aspect, we discuss the most remarkable distinctions between the EU and the US in both the overall pattern of target use and pattern in specific sectors. Table 1 shows the adoption of the emission targets in the two regions and the comparison based on two-proportion z-test. Overall, 748 of the 989 firms in sample have some emission targets in place, representing about three quarters of the sample. Among them, 317 firms have adopted intensity targets only, 249 firms have absolute targets only, and 182 firms have employed both absolute and intensity targets. The fraction of firms with targets is slightly higher for the EU firms (76.76%) than the US firms (73.91%), and the difference is insignificant. The relatively small gap between the EU and the US firms in target adoption rate indicates that firms in both regions display roughly the same degree of prevalence of emission targets. Since governmental pressures on US firms to take mitigation actions has been relatively weak in the past [26] , the high adoption rate of mitigation targets in US may reflect pressures from other entities such as investors and consumers. Both regions have far greater adoption rates than the 51% record of year 2002 in early study [33] . With regard to target metric, the EU firms have a relatively higher fraction of using absolute and intensity targets jointly (21.74%) than the US firms (13.30%). The z-test shows the difference is strongly significant (p < 0.001). Furthermore, the EU firms are significantly more likely to employ intensity target than the US firms (p < 0.001), while the adoption rates of absolute target are roughly the same. Table 2 presents the distribution of target metrics by industrial sectors. We rank the sectors based on adoption rate in the EU from high to low. In the EU, Semiconductors & Semiconductor Equipment, Diversified Financials, Consumer Durables & Apparel are the three sectors with the lowest target adoption rates (50.00%, 52.17%, and 54.17%, respectively), and all other sectors have adoption rates higher than 60%. In the US, Food & Staples Retailing, Software & Services, and Semiconductors & Semiconductor Equipment are the three sectors with the lowest target adoption rates (37.50%, 54.55%, and 56.25% respectively), and all other sectors have adoption rates higher than 60%. The pattern of target-setting across the sectors can be attributed to operational and regulatory factors pertaining to specific sectors. Sectors that are less carbon-intensive in operations (e.g., Diversified Financials, Consumer Durables & Apparel, Food & Staples Retailing, and Software & Services) are less likely to be threatened by regulatory and market pressures [44] . Since regulatory and market risks are instrumental in driving environmental practices [44, 45] , it can be expected that less carbon-intensive sectors lag behind in using emission targets. As to the semiconductor sector, most companies in the sample are design companies at the upstream of the semiconductor value chain. These design companies typically operate on the fabless business model to concentrate on research and development, by outsourcing the energy-intensive production to fabrication plants owned by other foundry companies in East Asia [46, 47] . Consequently, semiconductor companies in the EU and the US are not significant contributors of direct GHG emissions.
Target Adoption and Target Metric
It is also noteworthy that the Energy sector, as a heavy emitter of GHG, has a relatively low target adoption rate in both the EU and the US (63.64% and 62.50%), which reflects insufficient commitments from the energy firms. A high fraction of firms in the Utilities sectors of the EU (94.12%) have set emission targets, far above the adoption rate in the US (74.07%). The finding is in line with literature that indicates the EU utility firms are more progressive than their US counterparts in managing climate-related risk [48] . The utility firms in the EU are typically subject to EU ETS, under which participating firms have to acquire and submit emission allowances for GHG emissions they generate. In the US, utilities firms are free from cap-and-trade regulations except for those with operating facilities under regional programs, such as the RGGI in the northeast.
Notably, all firms in the Household & Personal Products sector have adopted emission targets in both the EU and the US. The Food, Beverage & Tobacco sector also has high target adoption rates (85.71% and 95.83%). Firms in these two sectors produce the final goods (e.g., cosmetics, food products, drinks) and hence are in closer contact with consumers than firms in the upstream value chain. Decreasing consumer demand for carbon-intensive products has been argued to be one of the primary risks for firms [44] , and firms in closer contact with consumers naturally bear greater pressure from the consumers to improve environmental friendliness. Indeed, the literature has shown that being a final goods producer has a significant and positive effect on environmental practices [45] . Similarly, these firms show a great tendency to adopt emission targets. We also find that the preference for absolute or intensity target can be quite different in some sectors for the EU and the US firms. The Food & Staples Retailing and Utilities sectors in the EU employ significantly more intensity targets than their US counterparts (p < 0.01). The Transportation sector in the EU uses significantly more absolute targets than that in the US (p < 0.01). 
Target Scope
The scopes of the targets reflect the focus of the mitigation actions along the firms' value chains. The scope 1 emissions refer to all emissions generated directly by sources controlled or owned by the firm itself. The scope 2 emissions arise indirectly from the generation of electricity, heat, and steam consumed or purchased by the firm. The scope 3 emissions refer to indirect emissions upstream and downstream in a firm's supply chain. Table 3 shows the distribution of target scopes by sectors, ranked based on scope 1 target in the EU from high to low. Overall and in most of the sectors, the adoption rates of scope 1 and scope 2 targets do not differ much. Scope 3 targets are much less common, with 250 of the 989 corporations using them. As pointed out in [29] , "although scope 3 emissions are widely known to be important, they are rarely estimated because they are not well understood, and there is little motivation or technical capacity to do so in current carbon footprint protocols". Moreover, scope 3 emissions are not subject to any direct regulatory measures such as the cap-and-trade scheme, so firms lack incentive to control them.
It is worth noting that while the fractions of targets covering scope 1 and scope 2 emissions do not vary much for the EU and the US, the percentage of the EU firms with target on scope 3 emissions (30.77%) is almost twice that in the US (16.88%) and the difference is strongly significant (p < 0.001). This result is not only in line with but also greatly extends the finding in [25] , which reports that the US retailers fall behind their UK counterparts in addressing supply chain emissions. In Table 3 , the EU firms have higher scope 3 target adoption rates than the US firms in all but two sectors (i.e., Automobiles & Components, and Food, Beverage & Tobacco), and the differences in these two sectors are rather small. The higher adoption rate of scope 3 targets in the EU reflects the more proactive stance of the EU firms on carbon mitigation beyond their own boundaries in the supply chain.
The Utilities sector in the EU has a far greater adoption rate of scope 1 targets (94.12%) than the US (66.67%). This is not that surprising, given that the EU utilities are usually governed by EU ETS [48] , while there are no similar cap-and-trade schemes in the US except for sub-national ones (e.g., RGGI in northeast US). In Consumer Durables & Apparel sector, the EU lags behind the US in the adoption of scope 1 and scope 2 targets. The following sectors have higher percentages of scope 2 targets adoption than scope 1 targets: Media, Retailing, Banks, Diversified Financials, Insurance, and Real Estate, Software & Services, Technology Hardware & Equipment. These sectors generate more scope 2 emissions via the consumption of electricity than the direct scope 1 emissions from their own activities. For instance, as a hardware producer, Cisco Systems reported that the quantity of its scope 2 emissions was usually more than 10 times that of its scope 1 emissions [49] . Therefore, setting targets on scope 2 emissions is a natural choice. Table 4 shows the target stringency distribution, including the 25th percentile, the median, the 75th percentile, the mean, the standard deviation and test of differences. The entries are sorted based on mean stringency in the EU. In computing the statistics, we include the firms without targets by assigning them stringency of zero. For all the EU firms, the average mitigation is a reduction of 13.54% from the reference year emissions. The median is only 6.00%, significantly lower than the average mitigation. Moving from the 25th percentile to the 75th percentile in the distribution of target stringency sees a significant increase of mitigation from 0.50% to 18.97%. Among the 24 sectors under study, Consumer Services, Commercial & Professional Services, and Diversified Financials are the three sectors with the lowest average mitigation. Household & Personal Products, Food & Staples Retailing, Telecommunication Services are the three sectors with the highest average mitigation. The EU firms set slightly more stringent targets (13.54% reduction) than the US firms (12.75% reduction), and the difference is insignificant. With no exception, the mean is always larger than the median regardless of the region and sector. Therefore, the distribution of target stringency is left skewed.
Target Stringency
The Energy sector in the US has much lower stringency level than the EU and the difference is significant (p < 0.05) under both t-test and Wilcoxon rank sum test. The sector consists mostly of oil and gas companies, such as Chevron, Royal Dutch Shell, and BP. The sharp contrast in target stringency is a reflection of the significant difference in the strategies adopted by the companies in the two regions in response to climate change. The literature has shown that the oil and gas companies in the EU have taken more proactive policies, while the US companies have adopted more reactive strategies [28] . The proactive policies of the EU firms may drive them to set more aggressive targets. The reasons for the difference in climate strategies of the oil and gas firms may be found in the political, regulatory and societal contexts [28] . The Materials sector in the EU set significantly more stringent targets than the US (p < 0.01). The Transportation sector in the EU has an average stringency of 14.18%, which is almost three times that in the US. The Materials sector and part of the Transportation sector (i.e., aviation) in the EU are governed by EU ETS. The Consumer Services sector in the US sets significantly more stringent targets than the sector in the EU (p < 0.01). The sector mainly consists of hotel and restaurant companies, for which the GHG emissions primarily come from building operations. 
Target Completion
The effectiveness of the targets rests on their fulfillment. Table 5 reports the distribution of the target completion (i.e., 25th, 50th and 75th percentiles, the mean, and the percentage of firms with target completion greater than one), and the t-test, Wilcoxon rank sum test and two proportion z-test results for the difference between the EU and the US. The sectors are sorted according to the mean completion in the EU from high to low. In computing target completion, we focus on those firms that have set up targets. Overall, the firms under study are making satisfactory progress toward achieving the targets with a mean completion rate of 1.16 in the EU and 1.22 in the US. The overall percentages of completion are very close in the two regions, with 71.05% of the targets for EU firms achieved on time and 72.12% of the targets for US firms achieved on time. The overall difference between the EU and the US in target completion is not significant under any of the tests.
In the US, 23 of the 24 sectors have a median target completion larger than one. All the firms in the Consumer Durables & Apparel sector, the Media sector and the Real Estate sector in the US have target completion greater than one, implying that all of them will be able to accomplish the targets if their current pace of mitigation sustains. In the EU, 19 of the 24 sectors have a median target completion greater than one. Also notable is the performance of the Energy sector, which has the worst mean target completion of 0.80 among all the sectors in the EU and a mean target completion of 0.91 in the US. The progress made by the Semiconductors & Semiconductor Equipment sector is not satisfactory either, with a median target completion of 0.86 in the EU and a mean target completion of 0.65 in the US. In terms of sectoral comparison between the EU and the US, the differences are mostly insignificant under the t-test and the Wilcoxon rank sum test at p < 0.05, except for the Diversified Financials sector. Based on the two proportion z-test, we find that the following sectors in the US have significantly more firms (p < 0.05) that have made satisfactory progress toward target accomplishment than the EU: Energy, Materials, Capital Goods, Transportation, Consumer Durables & Apparel, Media, Real Estate, Utilities. It should be stressed that while the Energy and Materials sectors in the US have less stringent targets than the EU, they are better in target completion.
Furthermore, we would like to point out that the combining of target stringency and target completion still may not accurately embody the degree of commitment and endeavor made by the firms to cope with climate change. Even without climate concerns, for the purpose of cost saving and efficiency improvement, firms may still employ various initiatives that can reduce GHG emissions. In that case, target stringency and target completion spring from planned business activities as usual rather than climate-oriented efforts. Notes: The column "% of completion" indicates the percentage of firms with target completion no less than one. The test of difference displays the test statistics followed by the p-value in parentheses. The two proportion z-test compares the two columns of "% of completion".
Discussions
The analysis of the GHG emission targets in Section 4 indicates that different regions and industrial sectors should have different priorities in target-setting. We discuss the most urgent issues for the regions and industrial sectors below. For the ease of presentation, we summarize the overall performance for the two regions on key target features in Figure 1 .
The analysis of the GHG emission targets in Section 4 indicates that different regions and industrial sectors should have different priorities in target-setting. We discuss the most urgent issues for the regions and industrial sectors below. For the ease of presentation, we summarize the overall performance for the two regions on key target features in Figure 1 . As shown in Section 4 and Figure 1 , the EU and the US firms are generally on par in adopting emission targets, and the adoption rate has substantially improved compared to earlier results [32] . However, there is still room for further improvements given that roughly 25% of the firms in the sample still do not have mitigation targets. To this end, we recommend that policymakers in both regions take actions to enhance the transparency and publicity of the targets set by the firms. Transparency and publicity can promote competitive pressure among the firms and surveillance of social responsibility by the general public. A brief search shows that firms in both regions, though having reported to CDP, are not likely to disclose their climate policy themselves through other channels such as annual reports or official websites. To encourage disclosure and achievement of target, policymakers may set up voluntary programs and awards that recognize the leading domestic firms in climate change mitigation, similar to the previous EPA Climate Leaders program in the US. Literature shows that participation in specific voluntary programs can lead to significant improvement in environmental performance, for pollutants like toxic chemicals [50] . Further, it has been argued that the voluntary programs work by providing "firms with a mechanism to acquire an environmentally friendly reputation and to credibly differentiate themselves from their competitors," so firms have incentive to participate in the programs [45] . In light of earlier experience and literature, we anticipate that firm-level climate change performance can be improved with the introduction of properly designed voluntary programs. Meanwhile, since soft measures like voluntary programs have their limits, more radical approaches with legally binding terms may also be considered. For example, policymakers can enforce the disclosure of risks and goals related to climate change in firms' regular filings through mandatory reporting rule and securities law. To the best of our knowledge, none of the countries in our sample have the climate disclosure rule in place.
The presence of scope 1 and scope 2 targets is more common than scope 3 targets. For firms in both regions, particularly in the US, increasing the coverage of scope 3 emissions in target-setting is important. This is due to three reasons. First, the scope 3 emissions account for a significant fraction of a sector's carbon footprint (more than 75% as reported in [29] ). Second, holding a firm accountable for GHG emissions beyond its own boundary will present opportunities to influence the mitigation actions of and collaborate with other firms upstream and downstream in the supply chain. Third, upstream and downstream emissions are determined by a firm's decisions and thus it is natural to As shown in Section 4 and Figure 1 , the EU and the US firms are generally on par in adopting emission targets, and the adoption rate has substantially improved compared to earlier results [32] . However, there is still room for further improvements given that roughly 25% of the firms in the sample still do not have mitigation targets. To this end, we recommend that policymakers in both regions take actions to enhance the transparency and publicity of the targets set by the firms. Transparency and publicity can promote competitive pressure among the firms and surveillance of social responsibility by the general public. A brief search shows that firms in both regions, though having reported to CDP, are not likely to disclose their climate policy themselves through other channels such as annual reports or official websites. To encourage disclosure and achievement of target, policymakers may set up voluntary programs and awards that recognize the leading domestic firms in climate change mitigation, similar to the previous EPA Climate Leaders program in the US. Literature shows that participation in specific voluntary programs can lead to significant improvement in environmental performance, for pollutants like toxic chemicals [50] . Further, it has been argued that the voluntary programs work by providing "firms with a mechanism to acquire an environmentally friendly reputation and to credibly differentiate themselves from their competitors," so firms have incentive to participate in the programs [45] . In light of earlier experience and literature, we anticipate that firm-level climate change performance can be improved with the introduction of properly designed voluntary programs. Meanwhile, since soft measures like voluntary programs have their limits, more radical approaches with legally binding terms may also be considered. For example, policymakers can enforce the disclosure of risks and goals related to climate change in firms' regular filings through mandatory reporting rule and securities law. To the best of our knowledge, none of the countries in our sample have the climate disclosure rule in place.
The presence of scope 1 and scope 2 targets is more common than scope 3 targets. For firms in both regions, particularly in the US, increasing the coverage of scope 3 emissions in target-setting is important. This is due to three reasons. First, the scope 3 emissions account for a significant fraction of a sector's carbon footprint (more than 75% as reported in [29] ). Second, holding a firm accountable for GHG emissions beyond its own boundary will present opportunities to influence the mitigation actions of and collaborate with other firms upstream and downstream in the supply chain. Third, upstream and downstream emissions are determined by a firm's decisions and thus it is natural to make the firm at least partially responsible for the emissions [51] . While prior research has highlighted the importance of scope 3 emissions [52] , a great obstacle in dealing with the scope 3 emissions is how to measure the emissions in the scope [29] . Recently some protocols have been developed for estimating the emissions in the supply chain, such as the Corporate Value Chain Standards from the GHG Protocol (http://www.ghgprotocol.org/standards/scope-3-standard). Firm management may consult those protocols.
A target is ineffective in carbon mitigation if it does not come with proper levels of stringency and fulfillment. Overall, the EU and the US firms have no obvious difference in terms of target stringency and target completion. For the EU and the US policymakers, the priority should be on the stringency and accomplishment of mitigation targets in key sectors. The Energy and Materials sectors in the US should strengthen their targets with deeper emission cuts. According to [30] , more stringent targets in these two dirty sectors can lead to higher emission reduction. Analysis in Section 4.4 highlights that the Energy sector and the Materials sector in the EU and the US are not making satisfactory progress toward target completion. Given the two sectors' large volume of GHG emissions, it is important for the EU and the US policymakers to urge the sectors to take actions and accomplish the targets on schedule. A proper policy instrument is one that can pressure the firms to achieve the established targets without being too intimidating and forestalling the establishment of the voluntary targets. This may be achieved by rules that are specifically designed for the two sectors. For example, the Energy sector mainly consists of oil and natural gas companies, which emit GHGs in exploration, drilling, transmission, processing and distribution operations. Right now in the US, the EPA's Greenhouse Gas Reporting Program, a mandatory emission reporting program for facilities emitting more than 25,000 metric tons of CO 2 equivalent per year, covers many large oil and gas facilities. However, regulations that directly control the quantity of emissions in the sector are not available right now. Therefore, we resort to the reporting method. We suggest that the policymakers strengthen the reporting program by requesting the firms to report their targets along with the firm-level emission data. Reporting the target will put the emission data into the context of corporate climate policy. Moreover, it gives the regulatory body and general public a clearer picture of whether the firms have lived up to their promises. Since publicity puts reputation at stake, firms will try harder to attain their targets.
It would be intriguing to see if more stringent targets lead to inferior target completion or not. We find a positive and significant correlation (0.07, p < 0.01) between target stringency and target completion for the entire sample. This result is generally in line with [43] which finds that target stringency has a positive association with target completion. The reason, as argued in [43] , may be that difficult targets motivate the firms to undertake more mitigation projects and invest more resources into tackling climate change. The positive relationship between target stringency and target completion implies that from the mitigation perspective, difficult targets are unlikely to backfire and policymakers in general should encourage firm management to set difficult targets.
While the focus of the paper is on regional and sectoral differences, it is also important to benchmark the target-setting activities for firms within the same sector. Take the Semiconductors & Semiconductor Equipment sector in the EU as an example. The targets set by the four firms in the sector are presented in Table 6 . Clearly, ARM Holdings is the most proactive firm in using the emission targets. There is a significant level of variation among the firms in their target-setting policies. Similar great dispersions of target features can also be observed in many other sectors. The dispersions of target-setting, which is a specific form of environmental management practice, can be linked to firm-specific factors, such as the organizational structure of the firm, the financial leverage, and the management attitude toward climate change [45, 53, 54] . The topic may be explored in future research. 
Conclusions
Target-setting by firms as a voluntary action is an important and integral part of the global efforts against climate change. In practice, target-setting usually serves as a precondition for other GHG mitigation actions. In this study, we have examined the use of GHG mitigation targets at the firm level by analyzing a sample of 989 large corporations in the EU and the US. The results are based on five aspects of target-setting, i.e., target adoption, target metric (absolute target, intensity target), target scope (scope 1/2/3), target stringency, and target completion. For each aspect, we conduct cross-country and cross-industry comparisons to uncover the distinctive patterns of target-setting by firms in different regions and industrial sectors.
We find that while the adoption rate of emission targets has greatly improved since early 2000s, the targets are still absent in about 25% of the firms for both the EU and the US. The EU firms are significantly more likely to base the target on intensity measures than the US firms. Moreover, significantly more EU firms have targets for scope 3 emissions than the US firms. This reflects that the EU firms are more proactive in incorporating GHG emissions upstream and downstream in supply chain into their climate change strategies. Overall, the differences between the EU and the US firms in terms of target stringency and target completion are relatively small. Among the 24 industrial sectors under study, the Utilities sector in the US has a significantly lower target adoption rate than that in the EU. The Energy and Materials sectors in the EU set significantly more stringent targets than their US counterparts. The Energy sectors in both regions fail to make satisfactory progress to achieve the targets.
The aforementioned results shed light on some crucial issues in firm-level target-setting that policymakers and firms in the EU and the US should focus on. For example, there is still substantial room for policymakers and firm management in both regions to further the use of firm-level mitigation targets. The US policymakers and business leaders should make the US firms more accountable for emissions in the supply chain. Special attention should be paid to the Energy sector with regard to the achievement of the targets. Furthermore, we have discussed potential policy and management tools to address the issues with firm-level target-setting.
There are three interesting directions for future research. First, we would like to point out that target-setting is a dynamic process. In reality, firms can revise, repeal or replace the targets already established. It would be interesting to examine how the firms adjust the targets over time in response to changing political, economic and market conditions. Second, to get a better understanding of firm-level mitigation targets around the world, other major GHG-emitting countries, especially China, Russia and India, should be included in the study. However, the current CDP survey does not cover as many firms in those countries as the EU and the US. A more comprehensive study is possible when more data on other major emitting countries are available. Finally, this study documents illustrative evidence on regional and sectoral differences on target-setting, and the analysis is preliminary. Further and more rigorous analysis are needed to pin down the root causes behind the differences.
